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Clean Energy and Manufacturing: Nexus of Opportunities

* Energy self-reliance
« Stable, diverse

energy supply

@Cﬂeaw Energy @

« Competitiveness Solutions + Clean air
In clean energy « Climate change
 Domestic jobs « Health

Goals

* Develop a robust U.S. clean energy economy where products are developed
here and manufactured here

Make the entire U.S. manufacturing sector more competitive by making it
more energy productive

U.S. DEPARTMENT OF Energy Eff|C|ency &
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Advanced Manufacturing and Mission Innovation
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Advanced Manufacturing in the Department of Energy
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Advanced Manufacturing — Strategic Framing

(EOP/CEQ/OSTP 2014)
1) Broadly Applicable Energy
_ Efficiency Technologies for
Advanced ManUfaCtu”ng Energy Intensive and Energy
— Partnership (AMP2.0) Dependent Manufacturing
o (NEC /PCAST/ OSTP 2014)
| STRATEGICPLAN M 4 Strategic Plans 2) Platform Materials, Process

and Information Technologies
for Clean Energy
Manufacturing with

P Sustainable Life-Cycle Impact
Quadrennial Technology Review

(DOE / Science and Technology 2015) ) uspmemeno | Energy Effciency &

EN ERGY Renewable Energy

)\ i FRE R

(DOE 2014 & EERE 2016)




Some Additional Manufacturing Related Issues

Quadrennial Energy Review (QER): 2015 ™M)
- Manufacturing for Infrastructure and the Grid
i

Water-Energy Nexus: 2014
- Water for Energy & Energy for Water

Energy Productivity 2030: 2015
- Double GDP/kJ Economy from Energy

Innovation Strategy: 2015
- - Technology, Workforce & Capabilities
. JOD Training and Apprenticeship: 2015

- Advanced Manufacturing Skills and Opportunities

Revolution Now: 2015

3) Promotion of
Innovation Partnerships

S

4) Tools and Training

- Cost Effective New Technologies —

uuuuuuuuuuuuuu

ENERGY
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Energy Intensive Industries

Primary Metals
1608 TBTU

Petroleum Refining
6137 TBTU

Chemicals
4995 TBTU

Wood Pulp & Paper
2109 TBTU

Glass & Cement
716 TBTU

Food Processing
1162 TBTU

U.S. DEPARTMENT OF Energy Efficiency &
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Processes for Clean Energy Materials & Technologies
Energy Dependence: Energy Cost Considered in Competitive Manufacturing

Solar PV Cell

Carbon Fibers

Light Emitting Diodes
Electro-Chromic Coatings
Membranes

EV Batteries

Multi-Material Joining

Water Desalination

U.S. DEPARTMENT OF

™ ENERGY

Energy Efficiency &
Renewable Energy



Eats S E ion in 2015: 97. B Lawrence Livermore
stimated U.S. Energy Consumption in 2015: 97.5 Quads National Laboratory

LL ool
Flecsichy
Solar Lk
:

Muchear
B.34

Hydro
2.39

Patroleum
5.4

U.S. DEPARTMENT OF Energy Efficiency &
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Deeper Look at Energy in Manufacturing

Onsite Process Nonprocess
Generation Energy Energy

1,403

I |

3.988

334

Electricity
Expon

I
|
r
!
i

Prepared fof the U.S. Department of Energy, Advanced Manufacturing Office by Energetics Incorporated
U.S. DEPARTMENT OF Energy Efficiency &
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Manufacturing Bandwidth Studies: Energy Savings Potential

Chemicals
Current
Impractical (1980) R&D szpzo';tunity Opportunity
( (766)
(2]
Petroleum Refining _
- R&D Current
Impractical (1794) Opportunity Opportunity
- (793) (420)
@ - ©
Pulp and Paper
Impractical Current
P (154)' +—Opportunity
(464)
L »
R&D Opportunity (147)
Iron and Steel
! Current
Imora(c;;cé))l e—Opportunity @ Current Typical
(239) - State of the Art
e o @® Practical Minimum
R&D Opportunity (150) @® Thermodynamic Minimum
<1000 -500 0 500 1000 1500 2000 2500 3000 3500

Onsite Energy Consumption (TBtu/yr)

Current opportunities represent energy savings that could be achieved by deploying the most energy -efficient commercial
technologies available worldwide. R&D opportunities represent potential savings that could be attained through

successful deployment of applied R&D technologies under developmentworldwide (. - Energy Efficiency &

12 AMO: September 2015 ENERGY Renewable Energy



Quadrennial Technology Review: Manufacturing

Technologies for Energy Efficiency & Enabling Platform
Productivity in Manufacturing Technologies for
Critical Clean Energy Products
. Materials ) ] ]
Flow of Material thru Industry Direct Energy Conversion Materials
(Sustainable Manufacturing) (Magnetocaloric, Thermoelectric, etc)
Combined Heat — Wide Bandgap Power
and Power Electronics
\ \ Materials for Harsh
Waste Heat \ Service Conditions
Recovery
Advanced Materials &
Controls, Modeling
& Platforms
Process Additive
Heating Manufacturing
;Z?ﬁ;iﬁ:::;ﬁ?s . .P.rocgss Comp?site Training and Workforce
Intensification Roll-to-Roll  Materials Development for

Energy Efficient and
Productivity in Manufacturing

g U.S. DEPARTMENT OF .
Energy & Resource Advanced Manufacturing Materials Development ENERGY Eﬂergy iflfICIlEency &
Management Processes enewable Energy
\

Processing Clean Energy Manufacturing




Advanced Manufacturing Topical Areas

Efficiency Technologies for Manufacturing Processes (Energy, CO_Z)
(1) Advanced Sensors, Controls, Modeling and Platforms (HPC, Smart Manufacturing)
(2) Advanced Process Intensification
(3) Grid Integration of Manufacturing (CHP, DG and DR)
(4) Sustainable Manufacturing (Water-Energy, New Fuels & Reused Feedstocks)

Platform Materials & Technologies for Clean Energy Applications
(5) Advanced Materials Manufacturing
(incl: Extreme Mat’l., Conversion Mat’l, etc.)

(6) Critical Materials Next Step:
(7) Advanced Composites & Lightweight Materials Revise AMO Multi-Year
(8) 3D Printing / Additive Manufacturing Program Plan (MYPP)

With Office Specific Approach

2D Manuf ' Roll-to-Roll P
(9) anufacturing / Roll-to-Roll Processes in Each Technical Area

(10) Wide Bandgap Power Electronics
(11) Next Generation Electric Machines (NGEM)

QTR Manufacturing (Ch.6) Focus Areas are mapped to
Advanced Manufacturing technology topical areas .
U.S. DEPARTMENT OF Energy EfﬁCIency &

14 EN ERGY Renewable Energy
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Possible Impact Areas of Cross-Cutting Technology for

E

nergy Intensive Industryv Sectors

Chemicals | Petroleum | Primary | Forest& | Clean
& Bio- Refining Metals Food Water
chemicals Products

SMART
Manufacturing

Process
Intensification

CHP & Grid
Integration

Sustainable
Manufacturing

Many Sector Specific Roadmaps Being Revised through
Complementary Program Supported by NIST / AmTech

U.S. DEPARTMENT OF Energy Efﬁciency &

EN ERGY Renewable Energy



Bridging the Gap from Discovery to Manufacturing

AMO: Advanced Manufacturing Office

16

R&D
Projects

R&D Facilities

Technical
Assistance

i
i
i
i
Governments and Universities

Concept — Proofof Concept — Lab scale development — Demonstration and scale-up — Product Commercialization

U.S. DEPARTMENT OF Energy Efficiency &

EN ERGY Renewable Energy
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Overview of DOE Advanced Manufacturing Office
Technology Assistance Programs
Research and Development Consortia

Research and Development Projects
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Technical Assistance: Better Plants 1 Bettel'

7

4 Plants

U.S. DEPARTMENT OF ENERGY

* Key component of President’s Better

Buildings Initiative to improve energy

efficiency of commercial and industrial
buildings by 20% by 2020 Regional Distribution of Better Plants Facilities

_ e [S—
Voluntary pledge by leading manufacturers <10 104 09 >0

and industrial-scale energy users to reduce
energy intensity

DOE provides technical assistance to meet
goals

Better Plants Snapshot

Partnership Size

Number of Partner Companies 157
Approximate Number of Facilities 2,400
Percent of U.S. Manufacturing Energy 11.4%
Footprint ’
eperedsvng oz |l ° Todate, Better Plants Partners have
Cumulative Energy Savings (TBtu) 457 SaVEd $24 bl|||0n N CumUIatlve enel’gy
Cumulative Cost Savings (Billions) $2.4 costs (more than 045 Quads Of energy)
Cumulative Avoided CO2 Emissions (Million 26.6
Metric Tons) ’
Average Annual Energy-Intensity =R Energy Efficiency &



Superior
Energy
Performance

U.S. DEPARTMENT OF ENERGY

Superior Energy Performance™

SEP is a certification program that

helps facilities meet the ISO 50001

energy management standard and 9 ® ®
verify the savings they achieve Q ? !? ,’,;’
28 plants have been certified so far. ¥ ¢ % 0
Nine improved energy performance 9 ,’Y 'R
by an average of 10% and saved 99'
over $500,000 per year ° ¢ .

ISO 50001 Superior Energy Performance

Components in place:

ISO 50001is a * Top Management ISO 50001 Single facility ISO
foundational tool « Energy Team 50001 |
that any « Policy confprmance with
organizationcan  Planning verified energy
useto manage - Baseline performance
energy - Performance Metrics Improvement

19
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Technical Assistance: Combined Heat and Power

NORTHEAST

www.northeastCHPTAP.org

Tom Bourgeois
Pace University
914-422-4013

NORTHWEST

www.northwestCHPTAP.org

_ MIDWEST tbourgeois@law.pace.edu
v .SIOdmg L www.midwestCHPTAP.org
Washington State University ) Beka Kosanovic
360-956-2004 Cliff Haefke

University of Massachusetts Amherst
413-545-0684
kosanovi@ecs.umass.edu

University of lllinois at Chicago
312-355-3476
chaefk | @uic.edu

sjodingd@energy.wsu.edu

PACIFIC
www.pacificCHPTAP.org

Gene Kogan

MID-ATLANTIC

Center for Sustainable Energy www.midatlanticCHPTAP.org

858-633-856|
gene.kogan@energycenter.org

Jim Freihaut
The Pennsylvania State University
814-863-0083

jdf1 | @psu.edu

SOUTHEAST

SOUTHWEST www.southeastCHPTAP.org
www.southwestCHPTAP.org

Gavin Dillingham Isaac Panzarella
HARC North Carolina State University

281-216-7147 919-515-0354
gdillingham@harcresearch.org ipanzarella@ncsu.edu

. Claudia Tighe Jamey Evans Patti Welesko Garland Ted Bronson
DOE CHP Technical . CHP Deployment Program Manager  Project Officer, Golden Field Office Enterprise Account POC DOE CHP TAP Coordinator
Assistance Partnerships | ofice of Energy Efficiency and EERE CHP Deployment Program Power Equipment Associates
(CHP TAPS): Program Renewable Energy (EERE) U.S. Department of Energy EERE, U.S. Department of Energy Supporting EERE

Contacts U.S. Department of Energy E-mail: jamey.evans@go.doe.gov E-mail: Patricia.Garland@ee.doe.gov U.S. Department of Energy
E-mail: claudia.tighe@ee.doe.gov E-mail: tbronson@peaonline.com

chp@ee.doe.gov




Technical Assistance: Industrial Assessment Centers

Energy Assessments & Student Training
University-based Industrial Assessment Centers

Support for small/medium sized manufacturing
Energy.gov/IAC

@® IAC Assessments (through 2012)

» IACs (2012-2016)
.’\ W IACs (2012-2016)
.. : .
.

U.S. DEPARTMENT OF Energy Efficiency &

21 EN ERGY Renewable Energy
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Overview of DOE Advanced Manufacturing Office
Technology Assistance Programs
Research and Development Consortia

Research and Development Projects
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Shared R&D Facilities & Consortia

Address market disaggregation to rebuild the industrial commons

Then Now

Tier 1

- \_ l Tier 2 l Tier2 | § Tier 2
|

17, W NGO o g e d“ﬁﬁ(., s B :i;‘ . . .
Ford River Rouge Complex, 1920s Tier 3 Tier 3 Tier 3

Photo: Library of Congress, Prints & Photographs Division,
Detroit Publishing Company Collection, det4a25915.

23]

How could we get innovation into manufacturing today?
- RD&D Consortia based Eco-Systems
U.S. DEPARTMENT OF Energy EfflCIenCy &

- Public-private partnership to scale ENERGY  renewable Energy

23



11 Manufacturing Innovation Institutes launched to date

A\ ] RQ
w 8

4 LFT o
\ 2. Light/Modern Metals / TI

0 S AIM Photonics
Detroit, Photonics | 4
Rochester, NY

v

Process REMADE
Intensification

) M America Makes >
Digital Mfg. Additive Mfg. |\ -
Chicago, IL ~._| Youngstown, OH | ; AFFOA
3 Adv. Textiles
1 Ll =
' e
NextFlex ' IACMI
Flex. Electronics A
Adv. Composites Power America
San Jose, CA il
Knoxville, TN [} power Electronics

/ Raleigh, NC

vir
* Over $S500 million federal funding | oZ
catalyzed over $1.2 billion
from consortia

Institutes have attracted
hundreds of companies and
universities as active partners
from across the country

U.S. DEPARTMENT OF

Energy Efficiency &
ENERGY Renewable Energy




DOE NNMI Institute #2 — Carbon Fiber Composites (Oak Ridge, TN)

e Established regional centers of
excellence across a number of fiber

composite applications

Colorado A\

Wind Turbines Michigan
B3 Vehicles
=iNREL - MICHIGAN STATE

UNIVERSITY

Indiana

Innovative Design,
Predictive Modeling
& Simulation

PURDUE

% gc?li?pressed UDRI

UNIVERSITY

Gas Storage |qpavroN
RESEARCH
INSTITUTE

50% Lower

Cost e Y
Using 75% N ¢ Tennessee _]I

<. | Composite Materials
Less Energy & Process Technology

%, 0AK RIDGE .”J

" National Laboratory

e INTVERSITYof

TENNESSEE
And reuse

or recycle KENTUCKY'

i >95% of the 'ggy Efficiency &

5 material = jewable Energy




DOE NNMI Institute #3 — Smart Manufacturing (UCLA/SMLC Lead)

e Advanced sensors and controls for real-time process management

Institute Goals

>50% improvement in energy
productivity

>50% reduction in installation
/. cost of Smart Manufacturing
qrt cherg

Fensive Factory hardware and software

Data &
Control Signal

15% Improvement in Energy
Efficiency at systems level

Data &
Control Signal

Smart Grid

Increase productivity and
Distributor / End User competitiveness across all
Focus on Real-Time manufacturing sectors

For Ener Mana ement g el Energy Efficiency &
27 gy g ENERGY Renewable Energy



Modular Chemical Process Intensification

Process Intensification has significant potential to
improves costs, increase scalability, improve safety and
enhance technologyforvanety of energy intensive,

energy related and clean energy manufacturing 10M -
applications { o pilot
. . 4 O~
* Applied research and developmentinto the . | |
Equipment, Methods and Technologies: Catalysis, 8 1m- T e .
Reactions, Separation, Mixing, Hybrid or Integrated & l (L L S el
Processes, Heating/Cooling, Thermal Recovery, etc. 3 | ® .. OcErI
: A : O 1 Intensified \@~ o Escavos
 Test-bed demonstration of Pl in first-of kind T 100K o CR @ Pearl
applications a ] Module  WModule LA b
8 ] Manufacturing * Goal
» Develop technologies for manufacturing of process !
intensified modules. 10K -
. . . i . 1 10 100 1k 10k 100k
» Dissemination of knowledge, pre-competitive testing LA
of standards and practices, and education of ~ Capacity (bpd) -
workforce Example Possible Application: Gasto Liquids

» Potential Impact on several key sectors:

Chemicals, Refining, Fiber (Pulp/Paper), Fuel
Cells, Natural Gas, Environmental
Management, Bio-Mass Processing, etc.

Proposals in Review




Two upcoming AMO / DOE-led NNMI Institutes

Up to S70 million in Federal cost share for each:

Modular Chemical Process Intensification: Focus on
breakthrough technologies to dramatically improve energy
efficiency of novel chemical manufacturing processes.

Funding Opportunity and Teaming Lists can be found at
https://eere-exchange.energy.gov/

REMADE: Dramatically reduce life-cycle energy
consumption through the development of technologies for
reuse, recycling, and remanufacturing of materials.

Funding Opportunity released in June

U.S. DEPARTMENT OF Energy Efficiency &

- ENERGY Renewable Energy



https://eere-exchange.energy.gov/

(™

Critical Materials Institute

A DOE Energy Innovation Hub

 Consortium of 7 companies, 6
universities, and 4 national

laboratories

* Led by Ames National Laboratory

Importance to Clean Energy

Dy|Eu(Nd|Tb Li | Te
Lighting 4 v
Denaen V| |V | |V
Solar PV v
Wind v v

(high)

(low)

1] 1
Neodymium Dygrosium
] | I

-------- “Lithium -+~ Europium: -~~~

'Tellurium| Yttrium Terbium
| é | . . Critical
________ A 4@

i e it Near-Critical

ke ———— =

Nickel | | Cerium |
® | Cobk | Not Critical

i , Gallium ;

1 IIndium 1

1 1

Samarium :Manganese :

| | Praseodymium |
e |
] ] I
] |

Critical Materials - as defined by U.S. Department of Energy, Critical

Materials Strategy, 2011.

30

1 (low) 2 3 4 (high)

U.S. DEPARTMENT OF Energy Efﬁciency &

EN ERGY Renewable Energy


http://energy.gov/pi/office-policy-and-international-affairs/downloads/2010-critical-materials-strategy

Manufacturing Demonstration Facilities

Shared Innovation

Supercomputing | ]
Capabilities  JEVSEESEEARE S .« .| AmericaMakes

Scientific
Infrastructure

2,952 Visitors

3D Printers in 450 Organizations) STEM
High Schools FIRST, 750
1000s of Students Students in MDF

117 NDAs

(105 active, 12
28 WFO in-progress)
Work for Others Non-Disclosure

Agreement

Enabling Workforce
Training in Materials,
Manufacturingand AM

23 CRADAs R B,
(14 active,9 in- | 35 - Rt N Supporting
progress) 3 g Industry Fellows
Cooperative - EJ > 5| and co-location

Research &

Development — N = - ‘ y
Agreement 17 UFAs ; 6 MTAs / y
User Facility Material Transfer S
i Agreement Agreement U.S. DEPARTMENT OF Energy Efﬁciency &

31 e EN ERGY Renewable Energy



Additive Manufacturing — Transformational Technology

Big-Area Additive Manufacturing (BAAM)

Printed Cobra Project:
Design to Prototype

Six (6) people in six (6)
weeks. January 2015

- Designed & Printed
Car (with Shelby)

- Printer Optimization
Design Software
(with Dassault)

“ﬁ - Developed Surface

Process (with Tru-Design)
- Developed blended polymer / fiber
(with Techmer)

- Developed Unique oK ef TQIQ"gy Efficiency &
(With Cincinnati) 3@"&&&% Renewable Eng;%y



Rapid Innovation Applied to Building Technologies

June 2014 DNSEHERbEOEIN)  Jauary2015

W) @ 1] |

First printed car, created
in collaboration with industry

>
- VTWWWW’W‘WW@
e - fecnnology Demonstrate Eneregv Savings
Sttt yﬁﬁ&%&ﬁﬁﬁ%ﬁk&%ﬂ%ﬁﬁm&%&%:y

) V\'\ =]

,' rHNlHH .m“ o 1=:-m -

“MANLERE LN jI N " '1 AR e
O = "'I\ Lad , -

New MAI technology uses an
alternative manufacturing process
that could halve the cost of
traditional vacuum insulation panel
(VIP) and simplify their application
into building envelopes. U.S. DEPARTMENT OF | Energy Efficiency &

Partnership across Offices ENERGY Renewable Energy

Twice the energy savings of ORNL Demonstrated MAl in

[ECC 2012 at half the thickness Integrated Building, in partnership
with Clayton Homes & SOM Partners

33



Partnerships with Vehicles and Buildings R&D

3D Printing of Large Area
Structures

Partnership with Designers,
Manufacturers, Universities,
Laboratories and Suppliers

| U.S. DEPARTMENT OF

~ ENERGY

Energy Efficiency &
Renewable Energy



MDF: 3D Printing Wind Blade Molds

(VAN - ] .. ]
= | e p— i - Bringing Manufacturing

o T Innovation to the Renewable
T L

Energy Space

* Enable innovative blade designs

 Achieve lower overall costs and
higher efficiencies

e Collaboration with Oak Ridge,
Sandia, and TPl Composites

U.S. DEPARTMENT OF Energy Efficiency &

ENERGY Renewable Energy
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Overview of DOE Advanced Manufacturing Office
Technology Assistance Programs
Research and Development Consortia

Research and Development Projects
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R&D Projects: Manufacturing Processes

Proposed .

Tordme

- R
e, g
6B 23

A
ot e
T 5
._." b i
)
.

Ultrafast, femtosecond pulselasers
(right) will eliminate machining defects

in fuel injectors. >

Image courtesy of Raydiance. g S
P Eoelon Foulants removed
along with coating TSHOBIS

Protective coating materials for
high-performance membranes,
for pulp and paper industry.
Image courtesy of Teledyn€

Energy-efficient largethin-walled A watzrl-_st]a_ible e / |
magnesiumdie casting, for 60% protectel I ”ém Electrolyte Aok
lighter car doors. electrode. A Li Metal
Courtesy of PolyPlus ™ c
Graphic image provided by General Motors. u.i. o). . - E‘#ﬁ:iency &
37 Renewable I:nergy



In Support of the Materials Genome Initiative (MGl)

? Energy Materials Network

U.S. Department of Energy

~ Computational
Tools

Coordinated resource network with a suite
of capabilities for advanced materials R&D

Predictive
Simulation :
aracterization Screening
Across Scales
Process Real-time
Control Characterization Validation

MGI - Framework Data Management & Informa

Experimental Digital

Tools Data

Materials Innovation
Infrastructure

Materials Design Functional Process Scale-Up
& Synthesis Design & Qualification

New Material Innovations for Clean Energy 2X Faster and 2X Cheaper



High Performance Computing for Manufacturing (HPC4Mfg)

* Program teams manufacturers with DOE’s network of National Labs

* Applying High Performance Computing to face critical
manufacturing challenges

* Identify New Manufacturing Relevant
Technical Challenges to Apply HPC
* High Impact Multiscale Modelling Opportunities
« Connect to Computation Thought Leaders in Labs
« Demonstrate Value in Projects and Share Results
»  Opportunity for Lab Talent (esp. Early Career) to Partner
with Clean Energy Implementation Community
U.S. DEPARTMENT OF Energy EfﬂCIency &

39 EN ERGY Renewable Energy




High Performance Computing for Manufacturing (HPC4Mfg)

 Sponsored by the DOE’s Advanced Manufacturing Office (AMO)

 Teams manufacturers with DOE’s National Labs to apply High
Performance Computing to face critical manufacturing challenges

* S3M in funding available in each round

S B Lawrence Livermore
* Applications due every 6 months LLE National Laboratory

e More information at www.hpcdmfg.org

eerer?]| BERKELEY LAB

%OAK RIDGE

National Laboratory

i TMENTOF | Energy Efficiency &

40 o N h RGY Renewable Energy


http://www.hpc4mfg.org/

HPC4Mfg Program: Advancing Innovation

Framework:

* Business-friendly terms and streamlined partnering process
* Leverage decades of investment in platforms, codes, and expertise
* Emphasis on open sharing of successes benefits entire sector

U.S. Manufacturers, Industry Partners, and Consortia
* |dentify industry challenge

* Industry partners contribute 20% “in kind” funding
* Share success

‘ =
uve
act

oot

National laboratories provide
* HPC capabilities and modeling/simulation expertise

* Assistance to industry to develop full proposal

* Develop standard CRADA sympathetic to protection of industry IP
* DOE funding < $300K u.s. DEPARTMENT OF _ | Energy Efficiency &

41 EN ERGY Renewable Energy



R&D: Next Generation Electric Machines (NGEM)

* Focuson developing energy efficient,
high power density, integrated
medium voltage drive systems.

Current efforts:

Manufacturing of high performance thermal
and electrical conductors

Manufacturing of low-loss silicon steel

High temperature superconducting wire
manufacturing

Manufacturing of other enabling
technologies to increase performance.

Potential to save 1.6% of total
U.S. electricity consumption each

r
yea U.S. DEPARTMENT OF Energy Efﬁciency &

ENERGY Renewable Energy




Mission Innovation: Cyclotron Rd and Innovation Accelerators

Embedded Accelerator Model:
Let the nation’s best energy innovators “spin in” to
our national labs

“ )
/ BERKELEY LAB
T~ Licensing

\_ _/
Recruit the world’s Leverage experts Deploy people, IP,
bestenergy and facilities at a and technology
technology world-class R&D to the marketplace
innovators institute

..First pilot phase spurred $10 million in follow-on funding

and launched 5 privately-funded startups
U.S. DEPARTMENT OF Energy Eﬁ:lc'eﬁcy &

Attp://www.cyclotronroad.org/ ENERGY renewabie Energy


http://www.cyclotronroad.org/

What does Success Look Like?

Energy Products
Invented Here...
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Thank You

Questions?
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